Stratlingite, Ca4Al2(OH)12[AlSi(OH)8]2·2H2O, is an AFm phase which appears as hydration product of aluminum-rich cements. These binders may be calcium aluminate cements, calcium sulfoaluminate cements and also Belite Calcium SulfoAluminate (BCSA) cements. The structure of stratlingite is known from single crystal studies of tiny minerals but their bulk formation, crystal structure and microstructure of powders is poorly understood. Here, we report the synthesis of stratlingite and a complete structural and microstructural characterization by synchrotron X-ray powder diffraction, nuclear magnetic resonance, scanning electron microscopy and thermal analyses. The structural and microstructural models have important implications for a correct quantitative phase analysis of stratlingite in cement pastes (for instance, in pastes of BCSA cements). The microstructure of stratlingite formed in cement pastes is highly dependent on the hydration conditions. In BCSA pastes, the (003) line position of stratlingite appears slightly shifted towards higher diffracting angles (lower interlayered distance) after stopping hydration compared to that of a similar phase present in a paste analyzed without stopping hydration. This is related to dehydration and disorder. This shift and peak broadening is even larger when the paste has suffered partial dehydration during curing (apart from stopping hydration). A microstructural study is reported.
Introduction
Ordinary Portland Cement (OPC) production accounts for 6% of anthropogenic carbon dioxide emissions and for 4% of total global warming (McCaffrey, 2002; Gartner, 2004 (Gartner, 2006; Cuberos et al., 2010; Morin et al., 2011) . Although they have been proposed as a sustainable alternative to OPC, some technological challenges (Álvarez-Pinazo et al., 2013) , such as relatively low mechanical strengths and durability, should be improved. The understanding of the hydration processes (Winnefeld and Lothenbach, 2010; Klaus et al., 2013; Le Saoût et al., 2013) should lead to an improved design of the clinker RESEARCH PAPER ICE SCIENCE -Keywords Stratlingite; Structure; Microstructure; Synchrotron X-ray powder diffraction; Rietveld refinement; Belite calcium sulfoaluminate cements.
ice | science ICE Publishing: All rights reserved composition (activation) and better performances after setting and hardening.
During the hydration process of calcium sulfoaluminate cements (CSA) and BCSA cements (Sahu et al., 1991; Marchi et al., 2011) , three main issues take place: i) dissolution of crystalline anhydrous phases, ii) appearance of new phases such as crystalline stratlingite (Ca 4 Al 2 (OH) 12 [AlSi(OH) 8 ] 2 ·2H 2 O) and amorphous gels; iii) consumption of free water. In order to properly study these processes, there is an increasing interest in the synthesis and advanced characterization (Balonis and Glaser, 2009 ) of single phases that are involved in the hydration of cements, such as ye'elimite (Cuesta et al., 2013) , belite Cuesta et al., 2014) , alite (De la Torre et al., 2002) , katoite (Dilnesa et al., 2014) , stratlingite (Kwan et al., 1995) , and so on. Bellerberg, Mayern/Eifel (Hentschel and Kuzel, 1976; Fleischer and Jambor, 1977) and in a marly inclusion in a phonolitic lava (Campomorto, Italy, near Montalto di Castro) (Passaglia and Turconi, 1982) .
The formation of these new crystalline phases in the cement pastes can be determined and quantified through X-Ray Powder Diffraction (XRPD) jointly with the Rietveld methodology. Hence, the knowledge of the structure (and microstructure) of these individual phases makes possible the control of the hydration of the cement pastes and then, the design of cement/mortars with improved properties/performances.

In this context, it is important the full characterization of stratlingite as this is an
A few methods have been reported for the preparation of stratlingite, including: i) reaction between calcium hydroxide and metakaolin in suspension (Taylor, 1997) (Kwan et al., 1995) ; this method produced poorly crystallized stratlingite. In an attempt to increase its crystallinity, the same authors treated hydrothermally the resulting suspension, 150°C overnight. iii) Stoichiometric mixture of calcium aluminate cement, CaO and metakaolinite for 3 days in the presence of alkali (Kwan et al., 1995) . iv) Slow hydration of calcium aluminum silicate glasses in saturated solutions of Ca(OH) 2 at 20°C for 120 days (Kuzel, 1976 (Balonis and Glasser, 2009; Matschei et al., 2007b) . The best result seems to be obtained by this last route. Some properties of these stratlingite powders (cell dimensions, space group, density, etc.) are described elsewhere (Balonis and Glasser, 2009 (Wang, 2010) . Rinaldi et al.(1990) (Rinaldi et al., 1990) indicates that the octahedral layer shows an ordered scheme where each Al- (Rinaldi et al., 1990) or being the result of long range averaging but locally bent.
These conclusions were corroborated by Kwan et al. (1995) Rinaldi (1990) , Kwan et al. (1995) (Balonis and Glasser, 2009; Matschei et al., 2007b) (Matschei et al., 2007b) , and flushed with acetone (once) for drying. Finally, the resulting powder was dried for 2 days in a stove at 30ºC.
Preparation of Belite Calcium SulfoAluminate (BCSA) cement pastes.
Laboratory BCSA clinker and pastes (Álvarez-Pinazo et al., 2013) (García-Mate et al., 2013) . Furthermore, the ground powder, prepared by b) procedure, was characterized with and without stopping hydration, named hereafter b) and b') methodologies, respectively.
Analytical techniques 2.2.1. Scanning Electron Microscopy (SEM).
The as-prepared powder was characterized through scanning electron microscopy (SEM) 
Synchrotron X-Ray Powder Diffraction (SXRPD).
The SXRPD pattern for stratlingite was recorded in DebyeScherrer (transmission) mode using the X-ray powder diffraction station of ALBA, the Spanish Synchrotron Radiation Facility (Barcelona, Spain) (Fauth, 2013 (Larson and Von Dreele, 2000) . The refined overall parameters were cell parameters, zero-shift error, peak shape parameters, and phase scales. Peak shapes were fitted by using the pseudo-Voigt function (Thompson et al., 1987) 
Laboratory X-Ray Powder Diffraction (LXRPD).
LXRPD studies were performed in reflection mode (θ/2θ) (Kwan et al., 1995; Rinaldi et al., 1990) . (Rinaldi et al., 1990) for the sake of comparison. These results match pretty well, although the sample studied here is slightly richer in silicon and poorer in aluminum.
Stratlingite structure and microstructure
Figure 1 shows a SEM micrograph of the as-prepared stratlingite powder. It is formed by laminar particles with an average size of 1-2 µm (width) and less than 0.1 µm (thickness). Table 1 shows the obtained results by SEM-EDS, and those shown in the literature
The crystal structure of the bulk powder of stratlingite was studied using as starting model the structural description reported by ) from a mineral (Rinaldi et al., 1990) . It must be highlighted that the anisotropic peak broadening of this sample was severe, in agreement with the SEM study, and this has to be properly modeled. For the stratlingite peak shape, the isotropic Gaussian contribution, GW, was negligible and a Lorentzian function was used (Thompson et al., 1987) . The final refined parameters were LX=0.008 (1) (Kwan et al., 1995) 3.3. Stratlingite in cement pastes. Gaussian, GW, and anisotropic Lorentzian, LY, STEC and PTEC contributions (Thompson et al., 1987 Table 4 ), being larger for the sample prepared following methodology a).
Conclusions
Crystalline stratlingite has been prepared as bulk powder sample. Its AFm-type structure can be described as alternating (003) and (110) 
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